SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Takuya Sato, a citizen of 
Japan residing at Yokohama-shi, Kanagawa Japan, Minami Ishii, 
a citizen of Japan residing at Yokohama-shi, Kanagawa Japan, 
Masafumi Usuda, a citizen of Japan residing at Yokosuka-shi , 
Kanagawa Japan and Takehiro Nakamura, a citizen of Japan 
residing at Yokosuka-shi, Kanagawa Japan have invented certain 
new and useful improvements in 



MOBILE COMMUNICATIONS SYSTEM, RADIO CONTROLLER, 
BASE STATION, AND METHOD OF CONTROLLING TRANSMISSION POWER 



Of which the following is a specification:- 
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TITLE OF THE INVENTION 

MOBILE COMMUNICATIONS SYSTEM, RADIO CONTROLLER, 
BASE STATION, AND METHOD OF CONTROLLING TRANSMISSION 
POWER 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
a mobile communications system having a plurality of 
10 base stations and a radio controller controlling each 
of the plurality of base stations, and particularly 
relates to a mobile communications system enabled to 
control transmission power of downlinks from the 
plurality of base stations to a mobile station. 
15 2. Description of the Related Art 

In a mobile communications system which 
adopts CDMA (Code Division Multiple Access) enabling 
the so-called soft handover, a mobile station can 
communicate with a plurality of base stations at the 
20 time of a handover/ 

Generally , in mobile communications, a 
wireless link set up between a base station and a. 
mobile station continually changes due to fading. In 
order to decrease the effect of fading, the mobile 
25 station during the soft handover transmits, to each of 
the plurality of base stations setting up a link with 
the mobile station itself, a command (a downlink 
transmission power control command, such as a TPC bit) 
controlling transmission power of a downlink (a link 
30 from the base station to the mobile station) . The 

base station, based on the downlink transmission power 
control command, is caused to increase or decrease the 
transmission power of the downlink as well as to 
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perform power-balancing control with an objective of 
balancing the transmission power of the downlinks. 

On the other hand, the base station 
transmits, to the mobile station setting up a link 
5 with the base station itself, a command (an uplink 
transmission power control command) controlling the 
transmission power of an uplink (a link from the 
mobile station to the base station) . The mobile 
station in response to the uplink transmission power 
10 control command is caused to increase or decrease the 
transmission power of the uplink. 

In case closed-loop transmission power control 
is performed, the mobile station during the soft 
handover transmits, to the plurality of base stations 
15 setting up the link with the mobile station itself, 
the downlink transmission power control command with 
one transmission power level. Therefore, while the base 
station, in the case where propagation loss . in the 
uplink from the mobile station to the base station is 
20 small, can accurately receive the downlink transmission 
power control command, in the case where the 
propagation loss of the uplink is large, may fail to 
receive the downlink transmission power control command 
As a result, the transmission power of each downlink 
25 set up between the corresponding base station and the 
mobile station may become non-uniform. 

Thus, the problem in the case in which 
the transmission power of each downlink set up between 
the plurality of base stations and the mobile station 
30 may become non-uniform is considered. For example, a 
case is considered where, as the propagation loss of 
the uplink is large, the transmission power of the 
downlink at the base station having failed to receive 
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the downlink transmission power control command from 
the mobile station becomes smaller than the 
transmission power of the downlink at the base station 
in which the uplink propagation loss is the smallest. 
5 In this case, the mobile station is likely to fail 

to receive the uplink power control command transmitted 
by the base station having a large propagation loss 
in the uplink. However, the transmission power of the 
uplink is not much of a problem as it is controlled 
10 mainly by the uplink transmission power control command 
from the base station having a small propagation loss. 

On the other hand, a case i s cons i dered 
where, as the propagation loss of the uplink is large, 
the transmission power of the downlink at the base 
15 station having failed to receive the downlink 

transmission power control command from the mobile 
station becomes larger than the transmission power of 
the downlink at the base station in which the 
propagation loss at the uplink is the smallest. In 
20 this case, as the propagation loss of the uplink is 
large, the transmission power of the downlink at the 
base station having failed to receive the downlink 
transmission power control command from the mobile 
station becomes wastefully large so as to become 
25 interference to other mobile stations within a cell 

serviced by the base station, resulting in a possible 
decrease in link capacity of the downlinks. 

In order to resolve such a problem, for 
example, in the Patent Document 1 (pages 11 and 12 and 
30 FIG. 6), a method is disclosed where, upon receiving 
the downlink transmission power control command by the 
base station, the transmission power of the downlink 
is caused to be increased or decreased in response to 
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the control command and also the transmission power 
value of the downlink is controlled so as to be 
caused to approach a predetermined reference value. In 
Patent Document 1 (pages 11 through 12 and FIG. 6), 
5 for a reference value, a maximum transmission power 
value, a. minimum transmission power value, an 
intermediary value between the maximum transmission 
power in DB's and the minimum transmission power in DB's, 
and a statistical value of the transmission power, at the 
10 base station, are used. 

Also, in the Patent Document 2 (pages 10 
through 12 and FIG. 7), a method is disclosed where, 
categorizing the base stations into a group in which 
communications quality of the downlink is good and a 
15 group in which the communications quality is degraded, 

the power-balancing control is caused to be continued for 
the base stations falling within the group in which 
the communications quality of the downlink is good and 
a control so as to cause a reduction of the 
20 transmission power of the downlink to a predetermined 

level is performed for the base stations falling within 
the group in which the communications quality of the 
downlink is degraded, reducing the interference caused 
on the downlinks having the good communications quality 
25 so as to enable an increasing of the link capacity of 
the downlinks. 

Pat ent Do cument 1 
JP11-340910A 
Patent Document 2 
30 JP2002-232353A 

However, in the Patent Document 1 as 
described above, the fact that the downlink 
communications quality differs from one base station tc 



another is not taken into account. Therefore, for 
example, when the base station sets the downlink 
transmission power value to a large value due to the 
downlink communications quality degrading, in a case 
5 where such transmission power value is determined as 
the reference value, the transmission power of the 
downlink at other base stations becomes unnecessarily 
and thus wastefully large. 

Also, in the Patent Document 2 as described 

10 above, an enabling of reducing interference on a 
downlink having a good communications quality and 
causing an increase of link capacity of the downlink 
is disclosed, but there is no description from the 
point of view of how a reference value of the 

15 transmission power in a power-balancing control should 
be determined. 

SUMMARY OF THE INVENTION 

It is a general object of the present 
20 invention to provide a mobile communications system 

that substantially obviates one or more problems caused 
by the limitations and disadvantages of the related 
art. 

In light of the problems as described above, 
25 it is a more particular object of the present 

invention to provide a mobile communications system 
having a plurality of base stations and a radio 
controller controlling each base station. 

Furthermore, the present invention relates to 
30 the mobile communications system enabled to control 

transmission power of a downlink from the base station 
to the mobile station. 

According to the invention, a mobile 
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communi cat ions system includes a plurality . of base 
stations, and a radio controller which controls each 
base station, where each base station includes a 
transmission power -value reporting • unit configured to 
5 report to the radio controller a downlink transmission 
power value and communications quality of a downlink 
from the base station itself to a mobile station and, 
the radio controller includes a cell-determining unit 
configured to determine, out of cells each serviced by 

10 one of the base stations, a cell having a good 
communications quality, a reference-value determining 
unit configured to determine, as a reference value, a 
downlink transmission power value of the base station 
which services the determined cell, an offset-value 

15 setting unit configured to set, based on the 
communications quality, an offset value for each base 
station, a target -value setting unit configured to set, 
based on the reference value and the respective offset 
values, a target value corresponding to each base 

20 station, and a target-value reporting unit configured 
to report the target value to the base station, and 
wherein each base station further includes, a 
transmission power control unit configured to control 
the transmission power value of the downlink from that 

25 base station itself to the mobile station so as to 
cause the transmission power value to approach the 
target value. 

The mobile communications system in an 
embodiment of the invention enables appropriate 

30 controlling of transmission power of a downlink in a 
power-balancing control . 

According -to another aspect of the invention, 
a radio controller which controls a plurality of base 
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stations configuring a mobile communications system 
includes a transmission power value obtaining unit 
configured to obtain a downlink transmission power 
value and communications quality, reported from each of 
5 the base stations, of a downlink used in 
communications from the base station to a mobile 
station, a cell-determining unit configured to 
determine, out of -cells each serviced by one of the 
base station, a cell having good communications quality, 
10 a reference-value determining unit configured to 
determine a downlink transmission power value of the 
base station which services the determined cell, as a 
reference value of the downlink transmission power 
value at each base station, an off set -value setting 
15 unit configured to set, based on the communications 
quality, an offset value for each base station, a 
target-value setting unit configured to set, based on 
the reference value and the respective offset value, a 
target value corresponding to each base station, and a 
20 target-value reporting unit configured to report the 
target value to each base station. 

The radio- controller in an embodiment of the 
invention enables an appropriate controlling of 
transmission power of the downlinks in a power- 
25 balancing control operation. 

According to another aspect of the invention, 
a base station which configures with other base 
stations a mobile communications system includes a 
transmission power value reporting unit configured to 
30 report a transmission power value and communications 
quality of a downlink used in. communications from the 
base station itself to a mobile station, to a radio 
controller which controls each of the. base stations 
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configuring the mobile communications system, a target- 
value obtaining unit configured to obtain a target 
value, reported from the radio controller, as the 
transmission power value of the downlink at, out of 
5 the base stations configuring the mobile communications 
system, a base station servicing a cell having good 
communications quality, and a transmission power 
control unit configured to control so as to cause the 
transmission power value of the downlink from the base 

10 station itself to the mobile station to approach the 
target value. 

The base station in an embodiment of the 
invention enables an appropriate controlling of 
transmission power of a downlink in power-balancing 

15 control . 

According to another aspect of the invention, 
a method of controlling, in a mobile communications 
system including a plurality of base stations and a 
radio controller which controls the base stations, 

20 transmission power value of each base station, where 
each base station reports the downlink transmission 
power value and communications quality of a downlink 
from the base station itself to a mobile station, the 
radio controller determines, out of cells each serviced 

25 by one of the base stations, a cell having a good 
communications quality, the radio controller determines, 
as a reference value, the downlink transmission power 
value of a base station which services the determined 
cell, the radio controller sets based on the 

30 communications quality an offset value for each base 
station, the radio controller sets, based on the 
reference value and the corresponding offset value, a 
target value for each base station, the radio 
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controller reports the target value to each base 
station, and each base station controls the 
transmission power value of the downlink from the base 
station itself to the mobile station so as to cause 
5 to approach the target value. 

The method of controlling the transmission power 
in an embodiment of the invention enables an appropriate 
controlling of transmission power of the downlinks in 
power-balancing control - 
10 Other objects and further features of the 

present invention will be apparent from the following 
detailed descriptions when read in conjunction with the 
accompanying drawings . 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating an 
example of a configuration of a mobile communications 
system according to an embodiment of the present 
invention; 

20 FIG. 2 is a block diagram illustrating an 

example of a configuration of a base station according 
to first and second embodiments; 

FIG. 3 is a block diagram illustrating an 
example of a configuration of a radio controller 
25 according to first and third embodiments ; 

FIG. 4 is an example of an offset-value table; 
FIG. 5 is a sequence diagram illustrating an 
operation of the mobile communications system according 
to the first embodiment ; 
30 FIG. 6 is a block diagram illustrating an 

example of a configuration of the radio controller 
according to the second embodiment; 

FIG. 7 is a sequence diagram illustrating an 
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operation of the mobile communications system according 
to the second embodiment; 

FIG. 8 is a block diagram illustrating an 
example of a configuration of the base station 
5 according to the third embodiment; and 

FIG. 9 is a sequence diagram illustrating an 
operation of the mobile communications system according 
to the third embodiment; 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following , embodiments of the 
present invention are described with reference to the 
accompanying drawings , 

FIG- 1 is a diagram illustrating an example of 

15 a configuration of a mobile communications system 

according to one embodiment of the present invention. 
A communications system 1 illustrated in FIG. 1 adopts 
CDMA enabling the so-called soft handover, and 
comprises base stations 10-1, 10-2, and 10-3 (referred 

20 to as "a base station 10" below where appropriate, 

combining the base stations 10-1, 10-2, and 10-3) and 
mobile stations 50-1, 50-2, and 50-3 (referred to as 
"a mobile station 50" below where appropriate, 
combining the mobile stations 50-1, 50-2, and 50-3) . 

25 In FIG. 1, the base stations 10-1, 10-2, and 

10-3 service the cells 20-1, 20-2, and 20-3, 
respectively (referred to as N> a cell 20" below where 
appropriate, combining these cells 20-1, 20-2, and 20- 
3) as the wireless zones- The mobile station 50-1 

30 residing at an area overlapped by the cell 20-1 and 
cell 20-2 is undergoing a soft handover, being enabled 
to communicate with both the base station 10-1 
servicing the cell 20-1 and the base station 10-2 
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servicing the cell 20-2. 

In the mobile communications system 1, power- 
balancing control is performed so that the transmission 
power value of the downlink from each base station 10 
5 having set up a link with the mobile station 50 during 
the soft handover to the mobile station 50 is caused 
to approach a target value- Below, first and second 
embodiments detailing the power-balancing control at the 
mobile communications system 1 is provided. 

10 (The first embodiment) 

FIG- 2 is a diagram illustrating an example of 
a configuration of a base station 10 according to the 
first embodiment- The base station 10 in FIG. 2 
comprises an antenna 11, a. mobile station signal 

15 receiving section 12, a radio controller signal 

transmitting section 13, a radio controller signal 
receiving section 14, a downlink transmission power 
control section 15, and a mobile station signal 
transmitting section 16. 

20 On the other hand, FIG. 3 is a diagram 

illustrating an example of a configuration of a radio 
controller 30 according to the first embodiment. The 
radio controller 30 comprises a base station signal 
receiving section 31, a main-cell determining section 

25 33, a reference-value determining section 34, a base 

station signal transmitting section 35, an offset-value 
setting section 37, and an target-value setting section 
38. 

First, a description is provided, referring 
30 to FIG. 2. The mobile station signal receiving section 
12 within the base station 10 having set up a link 
with a mobile station 50 during a soft handover 
receives a user signal from the mobile station 50 via 
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the antenna 11. Moreover, the mobile station signal 
receiving section 12 receives via the antenna 11 the 
communications quality (below referred to as "downlink 
communications quality ") of the downlink measured by 
5 the mobile station 10 during the soft handover. Herein, 
the downlink communications quality may be a random 
parameter, such as a received level of a common-pilot 
channel, a received SNIR, a block-error rate, 
propagation loss, an amount of interference, and the 
10 like, for example. The mobile station signal receiving 
section 12 outputs to the radio controller signal 
transmitting section 13 the received user signal and 
the downlink communications quality. 

The radio controller signal transmitting 
15 section 13 transmits an input user signal to the 

radio controller 30. Also, the radio controller signal 
transmitting section 13 includes identifying information * 
of the cell 20 (cell-identifying information) serviced 
by the base station itself 10 to the input downlink 
20 communications quality information so as to be 

transmitted to the radio controller 30. Furthermore, 
the radio controller signal transmitting section 13 
obtains a transmission power value of the downlink 
(below referred to as "a downlink transmission power 
25 value") having been set up at that time by the 

downlink transmission power control section 15 and 
includes the cell-identifying information of the cell 
20 serviced by the base station 10 itself so as to 
be transmitted to the radio controller 30. 
30 Next, a description is provided, referring to 

FIG. 3. The base station signal receiving section 31 
within the radio controller 30 receives a user signal, 
downlink communications quality, and a downlink 
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transmission power value transmitted from the 
corresponding base station 10 having set up a link 
with the mobile station 50 during the soft handover. 
The base station signal receiving section 31 outputs 
5 the user signal to a switching equipment not shown . 
The base station signal receiving section 31 outputs 
the downlink communications quality to the main-cell 
determining section 33 and the offset-value setting 
section 37, and the downlink transmission power value 

10 to the reference value determining section 34. 

The main-cell determining section 33 
determines, out of the cells 20 serviced by the 
corresponding base stations 10 having set up a link 
with the mobile station 50 during the soft handover, 

15 as the main cell, the cell 20 having the best 

downlink communications quality. More specifically/ the 
main-cell determining section 33 determines the best 
downlink communications quality from the downlink 
communications qualities from the corresponding base 

20 station signal receiving sections 31. Next,, the main- 
cell determining section 33 determines as the main 
cell the cell 20 serviced by the base station 10 
corresponding . to the best downlink quality. Furthermore, 
the main-cell determining section 33 outputs to the 

25 reference-value determining section 34 and the offset- 
value setting section 37 the identifying information of 
the cell corresponding to the best downlink 
communications quality, or the cell-identifying 
information of the main cell. 

30 The reference-value determining section 34 

determines from the downlink transmission power value 
from the base station signal receiving section 31, as 
the reference value, the downlink transmission power 
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value at the base station 10 servicing the main cell. 
More specifically, the reference-value determining 
section 34 extracts the cell-identifying information 
from the corresponding downlink transmission power 
5 values from the base station signal* receiving section 
31. Next, the reference-value determining section 34 
specifies from the extracted corresponding cell- 
identifying information, the information matching the 
cell-identifying information from the main cell- 

10 determining section 33. Furthermore, the reference-value 
determining section 34 determines, as the reference 
value, the downlink transmission power value having 
included therein the specified cell-identifying 
information. The determined reference value is output 

15 to the target-value setting section 38. 

The offset-value setting section 37, based on 
the downlink communications qualities from the base 
station signal receiving section 31, for the base 
stations 10 having set up a link with the mobile 

20 station 50 during the handover, determines the offset 

values to be added to the reference value. Furthermore, 
herein the offset value is a negative value. 

More specifically, the offset-value setting 
section 37 for the base station 10 servicing the main 

25 cell sets a predetermined value as the offset value 
for use by the main cell, and for the base stations 
10 servicing a cell other than the main cell (below 
referred to as "a subcell") sets a predetermined value, 
smaller than the offset value for use by the main 

30 cell, as the offset value for use by the subcells. 

Herein, the offset value for use by the main cell is 
a value larger than the offset value for use by the 
subcells. 
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Alternatively, the offset-value setting 
section 37, out of the downlink communications 
qualities from the base station signal receiving 
section 31 , specifies the downlink communications 
5 quality which includes the cell-identifying information 
from the main-cell determining section 33, recognizes 
the specified downlink communications quality as the 
downlink communications quality of the main cell, and 
the other downlink communications qualities as the 

10 downlink communications quality of the corresponding 

subcells. Furthermore, the off set -value setting section 
37, based on the difference between the main cell 
downlink communications quality and the respective 
subcell communications qualities, sets the offset value 

15 for use by the subcells. For example, in a case 

where the propagation loss is used as the downlink 
communications quality, the offset -value setting section 
37 for the base station 10 servicing the main cell 
sets a predetermined value as the offset value for 

20 use by the main cell. On the other hand, the offset- 
value setting section 37 for the base stations 10 
servicing the subcells sets as the offset value for 
use by each subcell, the summed value of the offset 
value for use by the main cell, and the value 

25 subtracting the propagation loss at the subcell from 
the propagation loss at the main cell. Herein, in a 
case where the difference between the propagation loss 
at the main cell and the propagation loss at the 
subcell is small, the offset value for use by the 

30 subcell is a value close to the offset value for use 
by the main cell. On the other hand, in a case where 
the difference between the propagation loss at the 
main cell and the propagation loss at the subcell is 
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large, the offset value for use by the subcell is a 
value much smaller, than the offset value for use by 
the main cell. 

Furthermore , the offset-value setting section 
5 37 for the base station 10 servicing the subcell may 
be set as the offset value for use by the subcell, 
the summed value of a fixed offset value for use by 
the subcell , and the value subtracting the propagation 
loss at the subcell from the propagation loss at the 

10 main cell. Furthermore, the fixed offset value for use 
by the subcell is a value smaller than the offset 
value for use by the main cell. 

Also, the offset-value setting section 37 has 
an of f set- value tabie, enabling a setting of the 

15 offset value based on the offset-value table. For 

example, in a case where the propagation loss is used 
as the downlink communications quality, the of^fset- 
value table such as the one illustrated in FIG- 4 is 
used. The offset-value table illustrated in FIG. 4 is 

20 a table enabled to set the offset values at the main 
cells and the. subcells in accordance with the 
difference between the propagation losses and the 
predetermined propagation losses at the main cell and 
the subcell. For example, in a case the difference of 

25 the predetermined propagation loss from the propagation 
loss at the subcell is 2 dB, the offset value for 
use by the subcell is -7 dB. 

Furthermore, while a case "of using the 
propagation loss as the downlink communi cations quality 

30 is described above, the offset-value setting section 37 
may similarly set the offset value in a case of 
using an amount of interference. 

The offset-value setting section 37, upon 
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setting the offset value according to any of the 
methods as described above, causes to be included the 
cell-identifying information of the cell 20 serviced by 
the base station 10 corresponding to the offset value. 
5 The cell-identifying information is included in the 
downlink communications quality information from the 
base station signal receiving section 31. Furthermore, 
the offset-value setting section 37 outputs the offset 
value information having included i the cell-identifying 

10 information to the target-value setting section 38. 

The target-value setting section 38 , as a 
target value, adds to the reference value from the 
reference-value determining section 34 the offset value 
from the offset-value setting section 37 so as to set 

15 a target value. Furthermore, the target-value setting 
section 38 outputs to the base station signal 
transmitting section 35 the target value. 

The base station signal transmitting section 
35 transmits the target value from the target-value 

20 setting section 38 to the base station 10 servicing 
the cell 20 specified by the cell-identifying 
information included in the offset value. Also, the 
base station signal transmitting section 35, in a case 
where a user signal to the mobile station 50 during 

25 the soft handover exists, transmits the user signal to 
the base stations 10 having set up the link with the 
mobile station 50 during the soft handover. 

Again, a description is provided, referring 
to FIG. 2. The radio controller signal receiving 

30 section 14 within the base station 10 having set up 
the link with the mobile station 50 during the soft 
handover receives the reference value having added the 
offset value, or the target value (below referred to 
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as "a reference value adding an offset value, or a 
target value") and outputs it to the downlink 
transmission power control section 15. Also, the radio 
controller signal receiving section 14, in a case 
5 where the radio controller 30 has transmitted a user 
signal, receives the user signal so as to be output 
to the mobile station signal transmitting section 16. 

The downlink transmission power control 
section 15 sets the downlink transmission power value 

10 so as to cause it to approach the input target value. 
The mobile station signal transmitting section. 16 
transmits the user signal and the like, at the 
downlink transmission power value set up by the 
downlink transmission power control section 15, to the 

15 mobile station 50 during the soft handover having set 
up the link with the mobile station 50 during the 
soft handover. 

Next, an operation of the mobile 
communications system 1 according to the first 

20 embodiment is described- FIG. 5 is a sequence diagram 
illustrating an operation of the mobile communications 
system 1 according to the first embodiment. The base 
station 10 having set up the link with the mobile 
station 50 during handover, upon receiving the user 

25 signal and the downlink communications quality 

transmitted from the mobile station 50 (step 101), 
transmits to the radio controller 30 the user signal, 
the downlink communications quality, the cell- 
identifying information of the cell serviced by the 

30 own base station, and the downlink transmission power 
value at that time (step 102). 

The radio controller 30, based on the 
downlink communications quality transmitted from the 
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respective base station 10 having set up the link 
with the mobile station 50 during the soft handover, 
determines as the main cell, a cell 20 having the 
best downlink communications quality of the cells 20 
5 serviced by the base stations 10- (step 103) 

Next, the radio controller 30 determines as 
the reference value the downlink transmission power 
value at the base station 10 servicing the main cell 
out of the received downlink transmission power values 

10 (step 104). Next, the radio controller 30 determines 
the offset values for the corresponding base stations 
10 having set up the link with the mobile station 50 
during the soft handover (step 105)- Furthermore, the 
radio controller 30 adds to the reference value the 

15 corresponding offset value (step 106) and sends the 

reference value adding the offset value, as the target 
value, and the user signal to the corresponding base 
stations 10 having set up the link with the mobile 
station 50 during the soft handover (step 107). 

20 The base station 10 having set up the link 

with the mobile stations 50 during the soft handover 
sets the downlink transmission power value so as to 
cause it to approach the received target value (step 

108) . Furthermore, the base station 10 having set up 
25 the link with the mobile station 50 during the soft 

handover transmits, at the downlink transmission power 
value set up, to the mobile station 50 during the 
soft handover, the user signal and the like (step 

109) . 

30 (The second embodiment) 

Next, the second embodiment is described. The 
configuration of the base station 10 according to the 
second embodiment is the same as the base station 10 
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according to the first embodiment as illustrated in 
FIG. 2. In other words, the base station 10 according 
to the second embodiment comprises an antenna 11 , a 
mobile station signal receiving section 12 , a radio 
5 controller signal transmitting section 13 , a radio 
controller signal receiving section 14 , a downlink 
transmission power control section 15, and a mobile 
station signal transmitting section 16. Below, the base 
station 10 in the second embodiment is described, 

10 referring to FIG, 2 . 

On the other hand, the configuration of the 
radio controller 30 in the second embodiment is 
different from the radio controller 30 in the first 
embodiment illustrated in FIG. 3. FIG. 6 is a diagram 

15 illustrating an example of a configuration of a radio 
controller 30 according to the second embodiment. The 
radio controller 30 comprises a base station signal 
receiving section 31, a main-cell determining section 
33, a reference-value determining section 34, a base 

20 station signal transmitting section 35, an offset-value 
setting section 37, a target-value setting section 38, 
and a code-controlling section 39- 

First, a description is provided, referring 
to FIG. 2. The mobile station signal receiving section 

25 12 within the base station 10 having set up the link 
with the mobile station 50 during the soft handover, 
as in the first embodiment, receives via the antenna 
11 the downlink communications quality measured by the 
mobile station 10 during the soft handover. Furthermore, 

30 the mobile station signal receiving section 12 outputs 
the received user signal and the downlink 
communications quality to the radio . controller signal 
transmitting section 13, 
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The radio controller signal transmitting 
section 13, as in the first embodiment, transmits the 
input user signal to the radio controller 30. Also, 
the radio controller signal transmitting section 13 
5 after having included the cell-identifying information 
of the cell 20 serviced by the own base station with 
the input downlink communications quality information, 
transmits it to the radio controller 30. Furthermore, 
the radio controller signal transmitting section 13 

10 obtains the downlink transmission power value set up 

at that time by the downlink transmission power control 
section 15 and, after having included the cell- 
identifying information of the cell 20 serviced by the 
own base station, transmits it to the radio controller 

15 30. Also, the radio controller signal transmitting 
section 13, after having added to the information 
identifying the downlink communications set up with the 
mobile station 50 during the handover (below referred 
to as "a call-identifying information") the cell- 

20 identifying information of the cell 20 serviced by the 
own base station, transmits it to the radio controller 
30. 

Next, a description is provided using FIG. 6. 
The base station signal receiving section 31 within 

25 the radio controller 30 receives the user signal, the 
downlink communications quality, the downlink 
transmission power value, and the call-identifying 
information transmitted from the base stations 10 
having set up with the link with the mobile station 

30 50 during the soft handover. Furthermore, the base 

station signal receiving section 31 outputs the user 
signal to a switching equipment not shown and the 
downlink communications quality to the main-cell 
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determining section 33 and the offset-value setting 
section 37. Also, the base station signal receiving 
section 31 outputs the downlink transmission power 
value to the reference-value determining section 34 and 
the call-identifying, information to the offset-value 
setting section 37. 

The main-cell determining section 33 , as in 
the first embodiment, out of the cells 20 serviced by 
the base stations 10 having set up the link with the 
mobile station 50 during the soft handover, determines 
the cell 20 having the best downlink communications 
quality as the main cell and outputs the cell- 
identifying information of the main cell to the 
reference-value determining section 34 and the offset- 
value setting section 37. 

The reference value determining section 34, 
as in the first embodiment, out of the downlink 
transmission power values from the base station signal 
receiving section 31, determines the- downlink 
transmission power value at the base station 10 
servicing the main cell as the reference value so as 
to be output to the target-value setting section 38. 

The offset-value setting section 37, based on 
the downlink communications quality from the base 
station signal receiving section 31, for the base 
stations 10 having set up the link with the mobile 
station 50 during the handover, sets the offset value 
to be added to the reference value. The specific 
method of determining the offset value is the same as 
in the first embodiment. Furthermore, the offset-value 
setting section 37 causes to be included in the set 
offset value the cell-identifying information of the 
cell 20 serviced by. the base station 10 corresponding 
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to the offset value. 

Next, the offset-value setting section 37 , in 
a case where a secondary scrambling code is used in 
the downlink communications specified by the call- 
5 identifying information from the base station signal 
receiving section 31, adds a predetermined value to 
the offset value of the corresponding base station 10. 

More specifically, the code-controlling section 
39 controls by linking the scrambling code with the 

10 call-identifying information of the downlink 

communication using the scrambling code. The offset- 
value setting section 37, based on the information 
controlled by the code-controlling section 39 and the 
call-identifying information from the base station 

15 signal receiving section 31, specifies the scrambling 
code being used in the downlink communications 
specified by the call-identifying information from the 
base station signal receiving section 31, and 
furthermore determines whether the secondary scrambling 

20 code is included in the scrambling code. In a case 

where the secondary scrambling code is included in the 
scrambling code, the off set- value setting section 37 
specifies the base "station 10 servicing the cell 20 
corresponding to the cell-identifying information being 

25 added to the call-identifying information from the base 
station signal receiving section 31. Furthermore, the 
offset-value setting section 37 adds a predetermined 
value to the offset value corresponding to the 
specified base station 10. Herein the predetermined 

30 value is a positive value. Furthermore, with the 
target-value setting section 38 described below 
performing a process of adding the predetermined value 
to the reference value in the case where the 
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secondary scrambling code is included in the. scrambling 
code, the offset-value setting section 37 does not 
perform the process of adding the predetermined value 
to the offset value as described above. 
5 Furthermore, the offset-value setting section 

37 outputs to the target-value setting section 38 a 
set offset value, or a new offset-value having added 
a predetermined value to the determined offset value. 

The target -value setting section 38, as in 

10 the first embodiment, adds the offset value from the 
offset-value setting section 37 to the reference value 
from the reference value determining section 34 so as 
to set the target .value. 

Also, when the secondary scrambling code is 

15 used in the downlink communications specified by the 
call-identifying information from the base station 
signal receiving section 31, in a case of the offset- 
value setting section 37 not performing the process of 
adding a predetermined value to the offset-value of 

20 the corresponding base station 10, the target-value 

setting section 38 further adds the predetermined value 
to the target value. More specifically, the target- 
value setting section 38, based on the information 
controlled by the code-controlling section 39 and the 

25 call-identifying information from the base station 

signal receiving section 31 , specifies the scrambling 
code used in the downlink communications specified by 
the call-identifying information input via the offset- 
value setting section 37 from the base station signal 

30 receiving section 31, and furthermore determines 

whether the secondary scrambling code is included in 
the scrambling code. In the case where the secondary 
scrambling code is included in the scrambling code, 
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the target-value setting section 38 specifies the 
offset value included in the cell-identifying 
information having added the call-identifying 
information from th'e base station signal receiving 
5 section 31 , and adds a predetermined value to the 
reference value adding the specified offset value. 
Herein the predetermined value is a positive value. 

Furthermore, the target- value setting section 
38 outputs the reference value adding the offset value, 

10 or the target value to the base station signal 
transmitting section 35. 

The base station signal transmitting section 
35, as in the first embodiment, transmits the target 
value from the target-value setting section 38 to the 

15 base station 10 servicing the cell 20 specified by 

the cell-identifying information included in the offset 
value. Also, the base station signal transmitting 
section 35, in a case where the user signal to the 
mobile station 50 during the soft handover exists, 

20 transmits the user signal to the base stations 10 
having set up the link with the mobile station 50 
during the soft handover. 

Again a description is provided, referring to 
FIG. 2. The radio controller signal receiving section 

25 14 within the base stations 10 having set up the 
link with the mobile station 50 during the soft 
handover, as in the first embodiment, receives the 
target value transmitted from the radio controller 30 
so as to be output to the downlink transmission power 

30 control section 15. Also, the radio controller signal 
receiving section 14, in a case where the radio 
controller 30 has transmitted a user signal, receives 
the user signal, so as to be output to the mobile 



station signal transmitting section 16. 

The downlink transmission power control 
section 15 , as in the first embodiment, sets the 
downlink transmission power value so as to cause it 
to approach the input target value. The mobile station 
signal transmitting section 16 transmits, at the 
downlink transmission power value set up by the 
downlink transmission power control section 15, the 
user signal and the like to the mobile stations 50 
having set up the link with the own base station 
during the handover. 

Next, an operation of the mobile 
communications system 1 in the second embodiment is 
described- FIG. 7 is a sequence diagram illustrating an 
operation of the mobile communications system 1 
according to the second embodiment. Furthermore, FIG. 7 
is an example of a case of the offset-value setting 
section 37 within the radio controller 30 adding to 
the offset value a predetermined value. The base 
station 10, having set up the link with the mobile 
station during the soft handover, upon receiving the 
user signal and the downlink communications quality 
transmitted from the mobile station 50 (step 201) 
transmits to the radio controller 30 the user signal 
and the downlink communications quality, the cell- 
identifying information of the cell serviced by the 
own base station, the downlink transmission power value 
at that time, and the call-identifying information 
corresponding to the downlink communications having 
been set up with the mobile station 50 during the 
handover (step 202) . 

The radio controller 30, based on the 
downlink communications quality transmitted from the 



base stations 10 having set up the link with the 
mobile station 50 during the soft handover, out of 
the cells 20 serviced by the base stations 10, 
determines the cell 20 having the best downlink 
communications quality as the main cell (step 203) . 

Next, the radio controller 30 determines the 
downlink transmission power value at the base station 
10 servicing the main cell, out of the received 
downlink transmission power values, as the reference 
value (step 204). Next the radio controller 30 
determines the offset values for the base stations 10 
having set up the link with the mobile station 50 
during the soft handover (step 205). Furthermore/ the 
radio controller 30, based on the call-identifying 
information from the base stations 10, determines 
whether the secondary scrambling code is used in the 
downlink communications at the base station 10, and, 
in a case where it is used, adds a predetermined 
value to the offset value corresponding to the base 
station 10 (step 206) . Then, the radio controller 30 
adds to the reference value the corresponding offset 
value (step 207) and transmits the reference value 
adding the offset value, or the target value and the 
user signal to the corresponding base stations 10 
having set up the link with the mobile station 50 
during the soft handover (step 208) . ' 

The base station 10 having set up the link 
with the mobile station 50 during the soft handover 
sets up the downlink transmission power value so as 
to cause it to approach the received target value 
(step 209) . Furthermore, the base station 10 having 
set up the link with the mobile station 50 during 
the soft handover transmits the set-up downlink 
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transmission power value, the user signal, and the 
like to the mobile* station 50 during the soft 
handover (step 210) . 

(The third embodiment) 
5 While in the second embodiment, when the 

secondary scrambling code is used for the downlink 
communications at the base station 10, the radio 
controller 30 adds the predetermined value to the 
reference value adding the offset value or the target 
10 value corresponding to the base station 10, in the 

present embodiment the base station 10 having obtained 
the target value performs such process. 

FIG. 8 is a diagram illustrating an example of 
a configuration of a base station 10 according to the 
15 third embodiment. The base station 10 illustrated in 
FIG • 8 comprises ah antenna 11, a mobile station 
signal receiving section 12, a radio controller signal 
transmitting section 13, a radio controller signal 
receiving section 14, a downlink transmission power 
20 control section 15, a mobile station signal 

transmitting section 16, an adding-value adding section 
17, and a code-controlling section 18. 

On the other hand, the configuration of the 
radio controller 30 in the third embodiment is the 
25 same as the configuration of the radio controller 30 
in the first embodiment illustrated in FIG. 3, In 
other words, the radio controller 30 comprises a base 
station signal receiving section 31, a main-cell 
determining section 33, a reference-value determining 
30 section 34, a base 'station signal transmitting section 
35, an offset-value setting section 37, and the 
target-value setting section 38. Below, the radio 
controller 30 in the third embodiment is described, 



referring to FIG. 3. 

First, a description is provided, referring 
to FIG. 8. The mobile station signal receiving section 
12 within the base station 10 having set up with the 
link with the mobile station 50 during the soft 
handover as in the first embodiment receives via the 
antenna 11 the downlink communications quality measured 
by the mobile station 10 during the soft handover. 
Furthermore, the mobile station signal receiving 
section 12 outputs the received user signal and the 
downlink communications quality to the radio controller 
signal transmitting section 13. 

The radio controller signal transmitting 
section 13, as in the first embodiment, transmits the 
input user signal to the radio controller 30, Also, 
the radio controller signal transmitting section 13 
causes to be included the cell-identifying information 
of the cell 20 serviced by the own base station with 
the input downlink communications quality so as to be 
transmitted to the radio controller 30. Furthermore, 
the radio controller signal transmitting section 13, 
after having obtained the downlink transmission power 
value having been set up at the time by the downlink 
transmission power control section 15 , causes to be 
included the cell-identifying information of the cell 
20 serviced by the own base station so as to be 
transmitted to the radio controller 30. 

Next, a description is provided, referring to 
FIG. 3. The radio controller 30 performs the same 
process as in the first embodiment. In other words, 
the base station signal receiving section 31 within 
the radio controller 30 receives the user signal, the 
downlink communications quality, and the downlink 
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transmission power value transmitted from the base 
stations 10 having set up the link with the mobile 
station 50 during the handover, and outputs the user 
signal to a switching equipment not shown, the 
5 downlink communications quality to the main-cell 

determining section 33 and the offset-value setting 
section 37 , and the downlink transmission power value 
to the reference value determining section 34, 

The main-cell determining section 33, out of 
10 the cells 20 serviced by the base stations 10 having 
set up the link with the mobile station 50 during 
the soft handover, determines the cell 20 having the 
best downlink communications quality as the main cell, 
and outputs the cell-identifying information of the 
15 main cell to the reference-value determining section 34 
and the offset -value setting section 37. 

The reference-value determining section 34 
determines as the reference value the downlink 
transmission power value at the base station 10 
20 servicing the main cell out of the downlink 

transmission power values from the base station signal 
receiving section 31 so as to be output to the 
target-value setting section 38 » 

The offset-value setting section 37, based on 
25 the downlink communications quality from the base 
station signal receiving section 31, for the base 
stations 10 having set up the link with the mobile 
station 60 during the handover, sets the offset value 
to be added to the reference value. Furthermore, the 
30 offset-value setting section 37 causes to be included 
with the set offset value the cell-identifying 
information of the cell 20 serviced by the base 
station 10 corresponding to the offset value so as to 



be output to the target-value setting section 38. 

The target-value setting section 38, to the 
reference value from the reference-value determining 
section 34 , adds the offset value from the offset- 
value setting section 37 so as to set the target 
value. Furthermore, the target-value setting section 38 
outputs the target value to the base station signal 
transmitting section 35. 

The base station signal transmitting section 
35 transmits the target value from the target-value 
setting section 38 to the base, station 10 servicing 
the cell 20 specified by the cell-identifying 
information being included in the offset value. Also, 
the base station signal transmitting section 35, in a 
case where a user signal to the mobile station 50 
during the soft handover exists, transmits the user 
signal to the base stations 10 having set up the 
link with the mobile station 50 during the soft 
handover. 

Again, a description is provided, referring 
to FIG. 8- The radio controller signal receiving 
section 14 within the base station 10 having set up 
the link with the mobile station 50 during the soft 
handover receives the reference value having added the 
offset value (the reference value adding the offset) 
or the target value transmitted from the radio 
controller 30 so as to be output ' to the adding-value 
adding section 17 

The adding-value adding section 17, in a 
case where the secondary scrambling code is used in 
the downlink communications performed with the mobile 
station 50 during the handover, adds a predetermined 
value to the target value. 
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More specifically, the code-controlling section 
18 controls by linking the scrambling code and the 
call-identifying information of the downlink 
communications using the scrambling code. The adding- 
value adding section 17, based on the information 
controlled by the code-controlling section 18 and the 
call-identifying information corresponding to the 
downlink communications being performed with the mobile 
station 50 during the handover, specifies the 
scrambling code used in the downlink communications 
specified by the ca-ll-identif ying information, and, 
furthermore, determines whether the secondary scrambling 
code is included in the scrambling code. In the case 
where secondary scrambling code is included in the 
scrambling code, the adding-value adding section 17 
adds a predetermined value to the reference value 
adding the offset, or the target value. Furthermore, 
herein the predetermined value is a positive value, 

The downlink transmission power control 
section 15 sets up the downlink transmission power 
value so to cause it to approach the target value to 
which the predetermined value from the adding-value 
adding section 17 is further added- The mobile station 
signal transmitting section 16, at the downlink 
transmission power value set up by the downlink 
transmission power control section 15, transmits the 
user signal and the like to the mobile station 50 
having set up the link with the own base station 
during the soft handover. 

Next, an operation of the mobile 
communications system 1 in the third embodiment is 
described. FIG. 9 is a sequence diagram illustrating an 
operation of the mobile communications system 1 
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according to the third embodiment. The base station 10 
having set up the 'link with the mobile station during 
the soft handover, upon receiving the user signal and 
the downlink communications quality transmitted from 
the mobile station 50 (step 301) , transmits to the 
radio controller 30 the user signal and the downlink 
communications quality, the cell-identifying information 
of the cell serviced by the own base station, and 
the downlink transmission power value at that time 
(step 302) . 

The radio controller 30, based on the 
downlink communications quality transmitted from the 
base stations 10 having set up the link with the 
mobile station 50 during the soft handover, out of 
the cells 20 serviced by the base stations 10, 
determines as the main cell the cell 20 having the 
best downlink communications quality (step 303) . 

Next, the radio controller 30 determines as 
the reference value the downlink transmission power 
value at the base station 10 servicing the main cell 
out of the downlink transmission power values received 
(step 304} . Next, the radio controller 30 sets the 
offset value for the base stations 10 having set up 
the link with the mobile station 50 during the soft 
handover (step 305). Furthermore, the radio controller 
30 adds the offset value to the reference value, or 
the target value (step. 306) and transmits the target 
value and the user signal to the base stations 10 
having set up the link with the mobile station 50 
during the soft handover (step 307).* 

The base station 10 having set up the link 
with the mobile station 50 during the soft handover 
confirms the scrambling code being used in the 



downlink communications with the mobile station 50 
(step 308) and in case the secondary scrambling code 
is included in the scrambling code, adds a 
predetermined value to the target value (step 309) . 
Furthermore, the base station 10 sets up the downlink 
transmission power value so as to cause it to 
approach the target value further added to by the * 
predetermined value (step 310) and transmits at the 
downlink transmission power level the user signal and 
the like to the mobile station 50 during the soft 
handover (step 311) . 

Thus, in the mobile communications system 1 
according to the present embodiment, the base stations 
10 having set up the link with the mobile station 50 
during the soft handover report to the radio 
controller 30 the transmission power value of the 
downlink from the own base station to the mobile 
station 50 during the soft handover* 

The radio .controller 30, in order to perform 
the power-balancing control, determines as the 
reference value the transmission power value of the 
downlink at the base station 10 servicing the cell 20 
having the best communications quality, out of the 
cells 20 serviced by the base stations 10, and adds 
to the reference value the offset value set based on 
the communications quality so as to report the target 
value for the corresponding base station 10. The base 
station 10 having set up with the link with the 
mobile station 50 during the soft handover controls 
the transmission power value of the downlink from the 
own base station to the mobile station 50 during the 
soft handover so as to cause it to approach the 
target value* 
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The downlink transmission power value at the 
base station 10 servicing the cell 20 having the best 
communications quality is generally a small value as 
an effect of fading is small. Therefore, a determining 
5 of the reference value of the transmission power for 
the power-balancing control as the downlink 
transmission power value at the base station 10 
servicing the cell 20 having the best communications 
quality prevents the transmission power of the downlink 

10 at the base stations 10, having set up the link with 
the mobile station 50 during the soft handover, which 
configures the mobile communications system 1, from 
wastefully becoming large despite good communications 
quality, enabling a setting up of the appropriate 

15 downlink transmission power at each of the base 
stations 10. 

Also, at the mobile communications system 1, 
the radio controller 30 is enabled to set a target 
value different for each base station 10 by setting 

20 for each base station 10 the offset value based on 
the communications quality so as to be added to the 
reference value. Specifically, as in a case of 
degraded communications quality, the signal from the 
base station 10 is "not likely to be received at the 

25 mobile station 50, the base station 10 servicing the 
cell 20 with the degraded communications quality, 
taking into account the fact of a reducing of the 
degree of contribution to the receiving of the signal 
at the mobile station 50, determines the offset value 

30 so the target value is caused to be decreased the 
larger the degree of the degrading of the 
communications quality at the cell 20 serviced by the 
base station 10, enabling, for the base station 10 



with a low contribution in the receiving of the 
signal at the mobile station 50 , a reducing of the 
downlink transmission power, so as to prevent the 
downlink transmission power from becoming wastefully 
large. 

Also, taking into account the fact that the 
downlink communications using the secondary scrambling 
code is likely to be impacted by a signal in other 
downlink communications using a primary scrambling code, 
in a case where the secondary scrambling code is used 
in the downlink communications, the radio controller 30 
increasing the offset value or the target value 
corresponding to the base station 10 using the 
downlink, or the base station 10 increasing the target 
value to enable a setting up of the corresponding 
dovmlink transmission power value to a large value not 
likely to receive the effect of other downlinks. 

Furthermore, while the radio controller 30, 
in the embodiment as described above, determines as 
the reference value the transmission power value of 
the downlink at the base station 10 servicing the 
cell 20, it may determine as the reference value the 
transmission power value of the downlink at the base 
station 10 servicing the cell 20 having a 
communications quality which is not the best but is 
above or equal to a predetermined level > 

Also, the code-controlling section 18 within 
the base station 10 in the third embodiment may 
control by linking only the scrambling code including 
the secondary scrambling code with the call-identifying 
information of the downlink communications using the 
scrambling code. 

The present application is based on Japanese 
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Priority Patent Application No. 2003-057710 filed March 
4, 2003, with the Japanese Patent Office, the entire 
contents of which are hereby incorporated by reference. 



